The aim of this study was to develop and validate a forensic recording form for firearm injuries and test the feasibility and reliability of its application. Material and Methods: A cross-sectional study was conducted. The first version was developed using knowledge from the literature search and was checked for validity by 3 forensic physicians using the Content Validity Index (CVI). Feasibility was tested among physicians working at 4 district hospitals. Its reliability was analyzed by 2 forensic physicians using prevalence-adjusted and bias-adjusted kappa. Results: The validity of a developed recording form for firearm injuries was good, with a CVI of 0.8. All items were rated to be feasible, and the format of the recording was rated from good to excellent. The reliabilities ranged from poor agreement to perfect agreement. After considering the validity, feasibility and reliability tests, a final, forensic recording form was established. Conclusion: A systematically constructed forensic recording form for firearm injuries, for any physicians, with less experience in the field of gunshot cases, was developed. This form will be helpful in assisting physicians in the completion of information for any gunshot cases, which may decrease the consequences from incomplete information.
Introduction
Firearm injuries are the most common injury in violent conditions, which have a high probability of involving certain legal aspects worldwide. Data from the Institute for Health Metrics and Evaluation, University of Washington, showed that the global estimation of the 688 people whom died from firearm injuries per day, in 2016, 64.0% was to accounted to homicides. 1 Rates of firearm deaths were variously reported across different countries, the rate was reported as: 3.4 per 100,000 globally; and 5.2 per 100,000 in Thailand in 2016. 2 Not only forensic physicians, but also general practitioners, orthopedists and surgeons are responsible for the treatment of firearm injuries, and providing information of firearm injury characteristics. This information is important for further application in both legalization and justice, therefore, it is essential that all necessary details are recorded. Some missing information may be critical, and could lead to unpredictable, adverse consequences to victims, defendants, physicians, and legal systems such as dismissal of a defendant due to no report on gun type, wound location being described in the indictment document 3 , or the consumption of physician's time being a witness at court. From a literature search, there have been only didactic knowledge and guidance for firearm injuries and no official recording form that can present a wellconstructed and adequate listing of the items needed. [4] [5] [6] [7] In Thailand, physicians have the main responsible as the person who provides the details of firearm injured patients. The legal process will go on inevitably, so the physician must send the medico-legal report to the police. If the fact of the injury is insufficient, the additional information as well as opinion from that physician must be requested by the police again, which make the physician feel uncomfortable, especially in the case of inexperienced physicians. In addition, the physician is more likely to be called by the court to be a witness, which may make the physician feel anxious due to, unpredictable questions and not being willing to testify in a court. 8 This feeling was also reported by family physicians in Canada, in that they felt dread because of having no experience as a witness at court. 9 To obtain adequate information of an injury, and reduce the potential involvement within the legal system, a relevant and scientific recording form is essential. Therefore, this study aimed to develop, and validate a forensic recording form for firearm injuries, and to test both the feasibility and reliability for its application.
Material and Methods

Study design and study setting
A cross-sectional study was conducted from; September 2013 to March 2014, in Songkhla province, one of provinces in the south of Thailand, that faces an unrest situation running for more than a decade, of which firearm injuries are prevalent. 10 This study was approved by the Institute of Ethic Committee of the Faculty of Medicine, Prince of Songkla University (EC 55-398-05-1-3), Thailand.
Figure 1 First version of a well-constructed recording form
The validity of the developed recording form was assessed by three forensic physicians in different teaching Universities, by purposive selection because they are considered experts within the forensic fields. Their working experiences ranged from 5 to 8 years.
Feasibility
All physicians, working as non-forensic physicians, in four district hospitals in Songkhla province, were included and invited to participate in the study, so as in order to evaluate the feasibility of the developed, and validated recording form. Those who were not available for the study period were excluded. All were informed and signed the consent form, before data collection.
Reliability
From thirty medical records of firearm cases in a University hospital in Songkhla province, all of these medical records were recorded by forensic physicians, wherein processing of the data came from: the patient's general information, history, physical examination, laboratory investigation, radiological examination and/or operative notes; including the examination of the bullet removed from the patient in some cases, was then merged with all available information into the medical record. These medical records were chosen consecutively from: June 2012 to October 2013, for assessment by two forensic physicians, who were involved in the process of the development and validity tests.
Data collection and variables
The development, validation, feasibility and reliability were performed and tested step-by-step. After the recording form was developed, three experts assessed the validity of the recording form in terms of; relevance, conciseness, and clearness, including; the open-ended comments by three experts. Relevance was measured by the score ranging from "1 (irrelevance)" to "4 (relevance)". Conciseness was measured by "concise" or "not concise". Clearness was measured by "clear" or "not clear".
After testing validity, the recording form was modified, and then tested for feasibility by sending the recording form, along with the evaluation form, to the physicians in four district hospitals. The physicians were requested to fill in the evaluation form independently and confidentially. The items in the evaluation form were divided into two main parts; details of items in the recording form, and the format of the recording form. Details of items within the recording form were assessed by; usefulness, clearness and ease of use, using a 5-rating point scale, ranging from 1 (the least) to 5 (the most). The format of the recording form was measured by; suitability of font size, ease to read, adequacy of space, allocation of the details in one page, and details of firearm injury for one shot in one page again, using a 5-rating point scale, ranging from 1 (the least) to 5 (the most). Reliability was assessed by two forensic physicians, independently, and blinded using the modified recording form, after feasibility assessment.
Data management and statistical analysis
Validity analysis was performed on the data, which were recorded in double entry basis in EpiData version 3.1 and analyzed by R version 3.0.1. A Four-rating point scale of relevance was grouped into two scales. Relevance, conciseness and clearness for validity were analyzed using Content Validity Index (CVI) range from zero to one. The recording form was modified based on said CVI, and additional comments.
Feasibility analysis was conducted using the 5rating point scale of; usefulness, clearness and ease of use for each item of the firearm injury, with information being categorized into "not feasible" if a scale of 1 to 3 and "feasible" if a scale of 4 to 5. The percentage of rating for; usefulness, clearness and ease of use, as feasible by each physician, divided by the total of physicians was then calculated. If the percentage was at least 80.0%, it was interpreted as feasible. 13 The format of the recording form in terms of; suitability of font size, ease of reading, adequacy of space, allocation of the details on one page, and details of a firearm injury for one shot, on one page were scored, and analyzed descriptively in both; median and interquartile range.
Reliability of analysis between two raters was analyzed by prevalence-adjusted and bias-adjusted kappa (PABAK) 14, 15 , or Spearman's rank correlation (rho) as appropriate.
Results
All items in the developed recording form for firearm injury patients were well validated, with the CVI, by at least 0.8 by three experts. The details of the valid items in the recording form are shown in (Table 1) . Of the 20 physicians, who evaluated the feasibility of the items in the recording form, the median and interquartile range of their ages were 25.5 (25.0-27.0) years with the minimum and maximum of 24 and 47 years respectively, with experienced working years of 1.33 (1.21-2.42) ranging from 0.5 to 22 years. Of all the physicians, 70.0% were male, and 30.0% were female. The (Figure 2 and 3) presents the percentage of feasibility for patient's general information, and details of the firearm injury, respectively. All items were rated as feasible with a threshold of 80.0%. The format of the recording form was rated from good to excellent (Table 2) . Additional comments from the physicians for the form (Figure 1 ) were in regards to the patient's general information needing to be filled in space, on item 6 with a short history along with adding a choice of post-mortem examination when the vital signs on item 8 were unable to be measured due to death. Additionally, the information filled in the space of item 10 whether there was any internal organ injury from this shot, for the details of the firearm injury to be noted and considered.
The reliability of the patient's general information coupled with the details of the firearm injury were assessed by PABAK, for discrete variables and rho for continuous variables in Tables 3 and 4 , respectively. The agreement and correlation between two raters, for the patient's general information, was revealed to be moderate to perfect (Table 3 ). The agreement and correlation between two raters, for the details of the firearm injury, varied from poor to perfect. Few items presented poor agreement, these being soot on/or beneath the skin, presences of a gunpowder tattoo on the skin, direction of bullet (superior- IQR=interquartile range inferior), and internal organ injury. Information of hospital number, related hospital, police station, province of police station, date of incidence, and date of examination showed a high PABAK, ranging from 0.6 to 1 (data not shown in the Table) . Table 4 The reliability testing by prevalence-adjusted and bias-adjusted kappa, and the Spearman's rank correlation of the details of the firearm injury The final forensic recording form, after testing; validity, feasibility and reliability is shown in Figure 4 . The revision of the final version, compared to the first version was summarized as the following: adding a checkbox of alive, or post-mortem examination, interchanging the sequence between injury from other causes and vital signs in the patient's general information, adding a checkbox in item 9 of details of the firearm injury; for defining the direction of the bullet in the body, item 10 adding (should/ suspected) in the internal organ injury item, and adding "uncertain" in the items of 1, 5, 5.1, 5.2, 6, 7, 8, 8.1 in the details of the firearm injury.
Discussion
The forensic recording form for firearm injury was developed for feasible as well as reliable to be used by physicians. Due to no existing, previous studies, to our knowledge, on the development of a forensic recording form, particularly for firearm injury. The comparison with previous studies could not be performed. The process of developing a forensic recording form in our study was similar to the steps in the development of quality of clinical indicators, whereas; relevancy, validity, reliability and feasibility are important. 16 Our developed forensic recording form showed acceptable validity, as measured by CVI, in that all items presented the CVI of least 0.8 for; relevance, conciseness and clearness. 17 In general, the construction of a medical recording, or reporting form requires the completion of information needed and its simplicity. 18 As a result, our form was constructed into two main sections; patient's general information, and the details of the firearm injury, because from the researcher's point of view the patient's general information was easily recorded, and may have less chance to be missed, but the details of the firearm injury were complex, with a high chance of missing information. [4] [5] [6] [7] Similar to the findings in our study, the feasibility of a patient's general information was slightly better than that of the details of the firearm injury. However, both sections showed acceptable feasibility of 80.0%. 13 The reliability assessment is essential because, it reflects the precision of a tool, wherein the interpretation of items in a tool should be consistent regardless of the assessors. 14 The inter-rater reliability of our study varied in range from; poor to perfect agreement. The main explanation of poor agreement was due to having unclear data in the medical records assessed, which in turn lead to conflict of interpretation, and filling in the form either "no
Figure 4
The final recording form data", "yes" or "no". According to this finding, a choice of "uncertain" was added to various items in the final version of the form.
The items of the final forensic recording form comprising of; patient's general information and details of the firearm injury, were derived from the basic knowledge of firearm injuries, and medico-legal expertise. 19 General information reflects; time, place, person and conditions of victim at first encounter, which influence the accuracy of examination and severity of injury. Items concerning the details of the firearm injury, in our form, signify the posture of a victim during a firing circumstance, range of fire, manner of injury as well as leading cause of death, which the prosecutor or defense attorney commonly queried. 20, 21 However, it depends on the manner along with aspect of the lawsuit in each country.
From the literature search, only one study published in 1998, to evaluate adequacy of documentation for gunshot wounds, in which a form was used was presented. 11 However, the scientific background of the form was not shown, and lesser amounts of information were submitted. Therefore, this is the forensic recording form for firearm injuries, which was developed by use of a scientific process, and qualified by validity plus feasibility, for its application in real situations. In so saying, a few limitations were noted. First, the literature search was carried out only via the PubMed database. Second, the feasibility was tested by physicians from only four district hospitals. Third, the reliability was tested using a retrospective review of medical records, which had low agreement and correlation possibly due to missing information, and no details being required. Prospective use of this form will lessen this obstacle. Fourth, the physicians, who use the final forensic recording form require some basic knowledge in the interpretation of the lesion along with some in-depth details, such as; bullet ricochet, re-entry or secondary targets, that will be shown by a ragged shape at the entry point of the wound, which is addressed in item 2. This requires to be interpret further in particular circumstance. Fifth, there was a shortcoming in the rating scale, which is not absolute zero for evaluating validity and satisfaction of the format for the recording form; however, the short message on how to 'rate' was provided to minimize its limitation. Finally, the final forensic recording form was designed based on immediate usage when encountered with the firearm cases, which require only naked eye examinations. Some cases may require further laboratory investigation, which should be referred to a higher level hospital, which can be examined by forensic physicians, or use of modern investigations. 22.23 
Conclusion
The forensic recording form is feasible to use in actual clinical practices for all physicians. This forensic recording form should be disseminated, and prospectively used in wide-scale practice, or integrated into an electronic form if feasible, and the effects of medicolegal aspects is required to be studied in the future.
